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ABSTRACT 

Dust in galaxies can be mapped by either the FIR/sub-mm emission, the op- 
tical or infrared reddening of starlight, or the extinction of a known background 
source. We compare two dust extinction measurements for a set of fifteen sections 
in thirteen nearby galaxies, to determine the scale of the dusty ISM responsible 
for disk opacity: one using stellar reddening and the other a known background 
source. In our earlier papers, we presented extinction measurements of 29 galax- 
ies, based on calibrated counts of distant background objects identified though 
foreground disks in HST/WFPC2 images. For the 13 galaxies that overlap with 
the Spitzer Infrared Nearby Galaxies Survey (SINGS), we now compare these 
results with those obtained from an / — L color map. Our goal is to determine 
whether or not a detected distant galaxy indicates a gap in the dusty ISM, and 
hence to better understand the nature and geometry of the disk extinction. 
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We find that distant galaxies are predominantly in low-extinction sections 
marked by the color maps, indicating that their number depends both on the 
cloud cover of Spitzer-iesolved dust structures -mostly the spiral arms- and a 
diffuse, unresolved underlying disk. We note that our infrared color map (E[I- 
L]) underestimates the overall dust presence in these disks severely, because it 
implicitly assumes the presence of a dust screen in front of the stellar distribution. 

Subject headings: dust in galaxies, spiral galaxies, NGC 925, NGC 2841, NGC 
3198, NGC 3351, NGC 3621, NGC 3627, NGC 4321, NGC 4536, NGC 4559, 
NGC 5491, NGC 6946, NGC 7331 



Introduction 



The dust content of a spiral galaxy can be estimated using several different observa- 
tional techniques: (1) obser vations of the dust's typical emission in the far-infrared and 
sub-mm spectral ranges (e.g.. lDale et al.ll2005l : iMeiierink et al.ll2005r): (2) the reddening and 
dimming effect o n stellar populatio ns, in the UV fe.g.. iBoissier et al.l 120041 ). optical (e.g., 
Elmegreeru Il980l ) and infrared (e.g., iReganI l2000l : iMeyer et al.ll2006l ): (3) th e balancing of 



the disk's energy budget tha t produces its spectral energy distribution (e.g.. ICortese et al. 



2005 



Domingue et al 



Popescu fc Tuffsll2005l) : or (4) the absolute a 



19991: 



Gonzalez et al. 1998 



jsorption of a known 



Elme green et al 



background sourc e 



2001 



Holwerda 



(e.g.. 

Reviews of the various approaches can be found in ICalzettil (120011 ): iPopescu fc Tuffd (120051 ): 
Tuffs fc Popescul ( 120051 ) and references therein 



2005). 



All of these techniques have different and specific strengths and weaknesses and hence 
a comparison between the results o f two such techniques offer insight into the nature of the 
dust in disks. In two recent papers (IHolwerda et al.ll2006l . 120071 ). we compare the dust surface 
densities estimated from distant galaxy counts and the star/dust spectral energy distribution 
(SED). Here, we focus on the comparison between extinction maps based on stellar reddening, 
and results from the distant background object counts. The reddening map's advantage over 
the SED measurement is spatial resolution. The simple screen geometry we use here has 



been surpassed in extinction studies for some time (e.g., lElmegreenI Il980l : iKodaira fc Ohta 
19941 ). but will suffice to determine the scale of the dusty ISM structure that is responsible 
reducing the number of distant galaxies seen through a spiral disk. Our goal is to determine 
whether an observed distant galaxy indicates a hole in the ISM disk that would correspond 
to no extinction in the reddening map. 



An independent extinction measurement requires a known background source other 
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than the stella r disk . IWhite fc Keell (Il992l ) proposed an occulted elliptical galaxy, and 



Gonzalez et al.l (119981 ) used the calibrated number of distant galaxies seen through a fore 
ground disk in a Hubble Space Telescope image. Both te chniques have been used on riearb; 



disks, and have by now exhausted nearby occulting pairs (lAndredakis &: van der KruitI 



2001a 



bl: lElmegreen et al. 



( iHolwerda et al. 



2005a 



200 



I992I: 



Berlind et al.lll997l:lDomingue et al.lll999l : lwhite etaPboodlPomingue et al.lboool : iKeel k White 



) and HST/WFPC2 images suitable for distant galaxy counts 
). The known background source is either rare (the occulted 
large galaxy) or inherently uncertain due to cosmic variance (number density of distant back- 
ground galaxies). The advantages are that no assumption about the dust/star geometry has 
to be made, and the absorption measurement is for the entire height of the disk. 

Models for the light of spiral disks have incorporated ever mo re complex geonaetries 



for extinction and reddening by dust, both for edge-on systems fe.g.. iKodaira fc Ohta 



Xilouris et al1ll999| : Kvlafis fc Xilouria l 



1999 



Disnev et al.lll989l : iRix k Rieke 



correct st ellar populatio ns (lElmegreen 



1993 



1980 



2005 ) and face-on spirals ( e.g., Elmegreen 198ol : Elme green k Block 



1994 



Peletier et a. 



Rix k Rieke 



19951) . These have been used to 



I993I ) and star formation (See the 



review of ICalzettill200ll . and references therein). The large scale structure of the dusty ISM 
in spirals has b een modeled this way with a dusty d i sk more extended but thinner tha n 
the stellar one (lElmegreenl Il980l : iPeletier et al.l Il995l : IXilouris et al.l Il999l : iBianchil l2007l ) . 
Dalcanton et al. (j2004 ) argue that dust lanes are a sign of vertical instability in more mas- 
sive disks while smaller disks exhibit a fractured dust morp hology . Recent observations 
point to a thicker or second vertical structure of dust ISM ( Howkl Il999l : iHowk k Savage 



I999I : iThompson et al.ll2004l : ISeth et al.ll2005l : iKamphuis et al. 



20071 ) 



Monte-Ca rlo simulations o f photons in the disk a lso use ever more sophisticated g eome 



try: spherical (IWitt et al. 



nar (Bruzual et al 



Gordon et al. 



2001 



1988; 



1992l:lwitt k Ggrdonlboooh . cylindrical jBianchi et al.lll996l ). pi 



iMisselt et al. 



I2OOI 



Baes fc Deionghe 2001a bl v and recently arbitrary geometry 



Baes et al 



[e.g. 



20031 ). The dumpiness of the ISM has 



been pr oven to be the chief reason why the observed extinction law differs from the Galac- 
tic on e (iNatta k Panagialll984l : ICalzetti et al.lll994l : iFischera et al.ll2003l : iFischera k Dopita 
2OO5I ) . The aim of models has shifted to predicting not only the reddening and extinction by 
the dust in spirals, but also the contribution from the ISM's emission to the overall spectral 
energy distribution. 

Mult i- wavelength models and observations of disks a re addressing severa l questions re- 
gardin g spiral disks: star-formati on measurernents 



2006bl M), ISM com position (e.g., iDraine k Li! 



Draine et al 



2007h. and e nergy balance (jPopescu et al.lboool: 



2001 



Calzetti et al. 



20041 : iDasyra et al.ll2005l ). and stellar populations (jPale et al 



;i k Drain 



2001 



2005 



Dopita et al. 



Draine k Li 



Misiriotis et al. 



2005 



20071) 



2001 



20061: 



Tuffs et al. 
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The results from the Spitzer Infrared Nearby Galaxy Survey (SINGS, iKennicutt et al. 



20031 ) have shed light on the relation between dust a nd star-formation w i thin a range of 



galax y types and environments: 



20061 ). the grand des ign spiral M81 (iGordon et al 



rings of NGC 7331 jReean et al.l l2004h and M31 JGordon et al.lbood). t 



the starburst M51 (ICalzetti et al 
200? 



2005 



Thornlev et al. 



Perez-Gonzalez et al 



M82 (lEneelbracht et all 120061 1. and the dwarf NGC 55 flEngelbracht et al. 



20061), the 



ative studies for th e whole sample of galaxies can be found in 
Draine et all J2007h . 



le su perwind in 



20041) Compar 



Dale et al.l (l2005l . |2007|), and 



The mid-infrared bands at 3.6 /im and 4.5 fim are dominated by the emission from the 
older, smooth stellar disk; either c ombined with the /-band data they can provide a very 
useful dust screen extinction map (iReganl l2000l : iMeyer et al.ll2006l ). We employ the simple 
screen approach because (1) in the near and mid-infrared, we expect most of the disk to be 
optically thin, with the Spitzer bands providing the lowest extinction view of the disk, and 
(2) we are only interested in relative opacity values. 

The advantage of the color-based extinction map is that the spatial resolution is as high 
as the original single band images; however the derived extinction values are limited by the 
assumptions about geometry (a single screen of dust in front of a layer of stars) and stellar 
population (single stellar color everywhere). 

We want to know whether or not a disk is fully transparent in those places where a dis- 
tant galaxy can be identified in HST images. The notion that those lines-of-sight are devoid 
of dust seems to be in contradiction with the picture of an ubiquitous, fractal and clumpy 
medi um has developed since the discussions on the opacity of spiral disks (jPavies fc Burstein 
1995h . 



The organization of this paper is as follows: |J2] describes the data, §3] details the cali- 
brations of the extinction maps, ^ briefly describes the distant galaxy counts, and ^ and 
^ are our discussion and conclusions. 



2. Data 



In this paper we use the Spitzer/IRAC mosaics, and accompanying ground-based /-band 
data, from the fourth data-release of the SINGS project (IKennicutt et al.ll2003l : ISINGS team 
20061 ) . Part of the Spitzer data products are mosaics of the 4 IRAC channels with a pixel 
scale of 0'.'75 in MJy sr~^, aligned with the sky coordinates. The mosaics are the product of 
a specialized pipeline to register and "drizzle" the basic calibrated data to a single mosaic. 
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The ground-based /-band images are a complementary SINGS data product. The world 
coordinates of the /-band data are updated using the stellar positions in the IRAC, channel 
1 (3.6 fim) mosaic. The /-band images are then shifted to the IRAC mosaic coordinates 
and degraded to the same resolution -estimated from the stars in the field, generally with a 
FWHM of 2'.'5. 



3. Extinction maps 

The Spitzer/IRAC channels 1 and 2 (3.6 and 4.5 /im) are mostly devoid of the spec- 
tral features of interstellar Polycyclic Aromatic Hydrocarbons (PAH) and suffer little from 
extinction by the larger dust grains. In this paper we use channel 1 (3.6 /im) to map the 
stellar emission. The I-L color is proportional to the extinction in / (Aj): 



Ai = ax {E[I - L]+b). ( 
This leaves two free parameters for the NIR extinction law: the zero-poin t, 6, and the slope. 



a. The slope of the IR extinction law is very close to unity: a = 0.88 (IRieke &: Lebofsky 



19851 ) for single lines-of-sight. The zero-point b can be found using the IRAC 8 micron 



PAH-map of the same galaxjQ 



To determine the zero-point (b) we find the 100 lowest-value pixels in the 8 /xm PAH- 
map, after sigma-clipping to remove the sky. The median value of the 100 corresponding 
pixels in the extinction map is our zero-point b, ie., the stellar color of the disk before 
extinction. Table [T] lists the zero-extinction colors for our maps. 

The extinction maps are clipped to the 1-sigma level calculated from the sky noise in 
both / and L images. The spatial resolution of the extinction maps is predominantly limited 
by the /-band observations; FWHM estimates of the PSF are around 2'.'5. 

In the construction of the extinction maps, we make three significant assumptions: (1) 
the geometry of the dust and stars is a simple screen of dust in front of the stars; (2) 
regions lacking 8 /im emission are indicative of the intrinsic stellar color; and (3) the L-band 
(3.6 /xm) is a good tracer of purely stellar emission. As noted in the introduction, more 
sophisticated models exist for the dust's effect on stellar emission but these maps will suffice 



^The 8 micron PAH-only map is obtained from IRAC's channel 4, by subtracting the steUar contribution 
to it. This contribu tion is estimated from channels 1 and 2 (3.6 and 4.5 Atm), using the same formalism a s 
Pahre et al.l |2004allbl ) but with the improved aperture corrections from lJarretti (|2005( ) and I Dale et al I (|2007T ). 
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for our purposes. Similar maps are used by iMeyer et al.l (120061 ) to trace the dusty ISM for 
comparison with the morphology of CO and HI maps. 

The first assumption is a screen of dust in front of the stars. This is the simplest 
geometry one could use, and it allows the application of the extinction law as found for 
single lines-of- sight. Mixing the extincting d ust and stars would result in a decoupling 



of the relation between color and extinction (iNatta &: Panagial ll984J : ICalzetti et al.l Il994 



Fischera et al.ll2003l : iFischera fc Dopitall2005l ). Alternative maps could be constructed using 
a more gray relation than equation [1], reflecting the mix of dust and stars. Unfortunately, 
the choice of extinction law is problematic, as the exact mix and geometry are unknown and 
likely to change in different sections of the disk. However, we are interested in the relative 
extinction in our maps (whether or not distant galaxies are preferentially detected in low- 
extinction regions) and not in the absolute extinction along a given line-of-sight. We note 
that these maps represent lower limits for the total extinction through the disk. 

The second assumption is that PAH emission does not arise in sections that have no 
interstellar dust; therefore, these sections will exhibit no reddening in the E[I-L] map. Recent 
observations w ith Spitzer have foun d regions in galaxies with 24 /zm emission but no 8 /im 
emission (e.g., iMeixner et al.ll2006l ). This is attributed to different processing of the dust 
grains and PAHs by the strong UV flelds of star-forming regions. However, the lowest fluxes 
of PAH emission in these images occur not in the centers of bright star-forming regions but 
in the disk, between the arms. 

The thi r d ass umption is the choice of reference band for the purely stellar emission. 



Meyer et al.l (120061 ) chose channel 2 (4.5 /im) as the NIR reference, and in this paper we use 



(Lu et al. 


2003: 


Pahre et al. 


2004a: 


Regan et al. 



PAH emission feature, centered near 3.3 /im, and may contain hot dust emission as well. In 
both cases, the PAH or hot dust would increase the flux in the "stellar" channel, artiflcially 
elevating the implied extinction in the /-band. This additional uncertainty is of the order 
of the stellar color gradient (approximately a tenth of a magnitude). Both uncertainties 
-contamination and stellar gradient- are much smaller than the uncertainty due to the 
assumed geometry of the stars and dust in the extinction values in the presented maps but 
they do change the distribution. To check for systematic effects between channel 1 and 2, we 
compared our extinction map of NGC 3627 made from channel 1 (3.6 /im. Figure [1]) to one 
using channel 2 (4.5 //m) from (IMeyer et al.ll2006l . , their Figure 3)). The comparison reveals 
little difference in structure -some disparities in the HII regions in the spiral arms- and an 
overall offset of 0.05 mag in extinction. Because the PAHs affect only HII regions and we 



- 7- 



are interested in the overall disk, this should not strongly influence our overall conclusions. 

Given the above assumptions -the star/dust geometry, the intrinsic stellar color of the 
disk, and the link between lack of extinction and absence of 8 fim PAH emission-, the absolute 
calibration of the extinction maps is uncertain. The dominant presupposition is that of the 
geometry (and hence the extinction law), which most certainly results in an underestimate 
of the dust in these galaxies. However, because we investigate the "preference" of distant 
objects for low or high extinction regions, these maps will suffice to distinguish between 
sections of higher and lower extinction. 



4. Distant galaxy counts 



Holwerda et al.l (l2005bl ) present disk extinction measurements based on counts of distant 



galaxies, calibrated for crowding and confu sion with the "Synthetic Field Method" (SFM, 
Gonzalez et al.lll998l : iHolwerda et al.ll2005al ). The calibration is done with a series of "syn- 
thetic fields" , the original image with an artificially dimmed Hubble Deep Field (HDF) added 
to it. The relation between artificial dimming and HDF galaxies retrieved from the synthetic 
field can then be used to find the average extinction in the field from the number of observed 
distant galaxies found in the original field. The relation between the number of HDF galaxies 
and dimming is unique for each field, and synthetic fields are made for each science field. 
In the zero-extinction synthetic field, the added HDF galaxies show where distant galaxies 
could have been detected under the crowding conditions in the science field. The SFM gives 
an average opacity for the whole height of a section of the spiral disk B 



In iHolwerda et al.l (j2005bl ). we already speculated that if the galaxies identified in the 
WFPC2 field are in those sections of the disk that are effectively transparent, then the 
average extinction found from the SFM is an indication of dust cloud cover. If so, we 
found that typical covering fractions are 40% for the disk and 60% for the spiral arms, 
assuming fully opaque clouds. We have co mpared these disk opa city measurements with 
those from the occulting galaxy technique ( Holwerda et al. "2005b[), and those provided by 



an SED model based on the IRAC and MIPS data (IHolwerda et al.ll2007f). The disk opacit y 
values -apparent optical depths- for all three methods agree well. In IHolwerda et al.l (120071 ) . 
we found a typical cloud optical depth of 0.4 that corresponds to a typical cloud size of 60 
pc. 



^The term disk opacity is defined as the apparent optical depth for the whole height of the disk, expressed 
in magnitudes. 
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In this paper, we explore the earher assertion that distant galaxies are predominantly 
found in those sections of the disk that are completely transparent, something that appears 
somewhat contradictionary to the small scale found in our comparison with the SED. There- 
fore, we will quantify to what extent large dust clouds -resolved with IRAC- determine the 
SFM opacity value. 



5. Distant galaxy number and disk extinction 

The /-band extinction maps based on the above method are presented in Figure [H The 
extinction is higher in the spiral arms, and the effects of HIT regions can clearly be seen. 
In Figure [H the WFPC 2 footprint and the positions of the identified distant galaxies from 



Holwerda et al.l (j2005bl ) are also plotted on the extinction map. Since the WFPC2 fields are 
centered on a spiral arm further out in the disk, the sigma-clipped extinction maps often do 
not cover the entire field-of-view of the WFPC2@ 



The distant galaxies identified by iHolwerda et al.l (l2005bl ) appear to be mostly in the 



regions of lower extinction (Figured]). To test this, we compare the distribution of extinc- 
tion values at the positions of observed distant background galaxies to the distribution of 
extinction values where a distant galaxy could be found, i.e., the position of the synthetic 
galaxies. For the reference distribution, we use the extinction values at the positions of the 
added HDF distant galaxies in the zero-extinction synthetic field. These are positions in 
the extinction map where we could have found a distant galaxy, given the crowding and 
confusion conditions in the HST/WFPC2 images. 

Figure [2] shows the cumulative histogram for these two sets of extinction values, at 
the position of the observed distant galaxies and the synthetic ones. The majority of the 
observed distant galaxies is detected predominantly below extinction values of 0.2 magnitude. 
Artificial, synthetic distant galaxies can be found in regions with larger extinction values. A 
Kolmogorov-Smirnov test shows that the probability that the two distributions are similar 
is negligible (1.98 10~^^). Hence, an observed distant galaxy is more likely to be found in a 
low-extinction section of the disUj 



^In the case of NGC 3198 and NGC 4536, the overlap of the WFPC2 field and the extinction map is 
small (Figure [1]), and these two galaxies do not contribute much to the statistical result below (Figure [2]). 

''The limiting factor in the detection of IfD F galaxies is the "granularity" in the science field, i.e. how 
resolved the stellar disk is (See our discussion in lConzalez et al. 2003 : Holwerda et al. 2005e), not the disk's 
opacity. 
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Cloud cover by optically thick clouds, which can be resolved with Spitzer, is one factor 
reducing the detected number of distant galaxies observed through a disk. However, distant 
background galaxies are not found exclusively at zero-extinction regions; 60% of the observed 
galaxies are identified at more than 0.1 mag of extinction (see Figure[2]). Therefore, a second 
factor determining their observed number is the lower-extinction, unresolved dust disk. If 
this is a cloud filling factor as well (discrete clouds rather than a screen), these are many 
smaller clouds in additio n to th e structures seen in the extinction maps, consistent with our 



result in iHolwerda et al.l (120071 ). 



How much of the opacity measured from missing distant galaxies is caused by complete 
blocking of the line-of-sight depends on what value in the extinction map from the infrared 
color translates into a distant galaxy thats is unidentifiable as such. The extinction maps in 
Figure [T] underestimate the overall dust surface density and hence opacity of the disks. This 
can be illustrated with a comparison between the average opacities (apparent optical depths) 
from the E[I-L] extinction maps {A[i^l]), the overall Spitzer SED (Ased), and the number of 
distant galaxies (Asfm)- The average extinction values from the maps -from the part where 
there is data- are generally much lower than those derived from the SED or the number 
of distant galaxies (Table [2]). This can partially be explained by the fact that the SFM 
measures the extinction for the entire height of the disk -the background sources are well 
beyond the disk- and the color map measures the extinction by at best half of of the disk's 
height -the part backlit by the stellar disk. This would explain a factor of two difference 
between the two opacity values. The second reason that the extinction maps underestimate 
the total opacity is the assumed star/dust geometry. A mix of stars and dust does not follow 
a neat extinction law and will genera lly display a variety of ex tinction law behaviors, all of 



them more "gray" than the one from lRieke fc Lebofskvl (1985 ) , depending on geometr y (As 



shown previously by several authors, notably lElmegreen 



1980l : iNatta fc Panarial 11984 ). Let 



us set values in the E[I-L] map that would be opaque for a distant galaxy and compare how 
the cloud cover explains the missing distant galaxies. 

In our E[I-L] extinction maps, ^[j-l] = 0.5 (half the height of the disk), possibly ^[/-l] = 
0.3 (a third of the height) is the naively expected opaque disk value. Table[3]lists the covering 
percentage of the extinction maps for pixels above ^[/-l] =0.5, 0.3, and 0.1 for the whole 
map and the section covered by the WFPC2. Extinction values greater than either 0.5 and 
0.3 fail to cover the fraction implied by the SFM measurement. Only if the ^[/-l] extinction 
is underestimated by a factor of 10, do the cloud cover fractions match up to the same 
order, yet we found most of our real observed distant galaxies at positions with 0.1 mag of 
extinction (Figure[2]). Hence, if we take ^[/-l] ~ 0.3 as the point where the disk is opaque for 
distant galaxies, the big opaque clouds only block ~10% of the typical background of distant 
galaxies outright (the solid line in Figure [2]). That corresponds to ~0.3 mag of the SFM 
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opacity measurement. Hence the remainder -often the majority- of the measured opacity is 
due to the unresolved and semi-transparent disk. 



In lHolwerda et ahl (l2005bl ). we voiced our suspicion that the distant galaxies are detected 
in gaps in the ISM disk, based on the average color of these galaxies, which remained constant 
with the disk opacity inferred from their number. In addition, we found that the opacity 
from the counts of distant galaxies depended little on the inclination of the foreground disk. 

This result we initially explained by a flat distribution of clouds for which the projected 
filling factor remains constant. This model did not specify the typical size of the opaque 
clouds, but a similar to o r grea ter angular size than the projected distant galaxies was 
implied. In lHolwerda et al.l (120071 ). we found small, optically thin clouds dominate the disks, 
using extra information from the Spitzer SED. Figure [2] appears to corroborate the hypothesis 
that the filling factor of large, resolved clouds do play a role in determining the number of 
distant galaxies found, but they are not the sole cause for their diminishing number and 
hence extinction in the disk. The second factor is the underlying disk of unresolved, small 
clouds. Therefore, the presence of a distant galaxy seen through a foreground disk does not 
imply that no dusty ISM is present along that particular line-of-sight. 



6. Conclusions 



From the extinction values at the position of distant galaxies we draw the following 
conclusions: 



1. Distant galaxies are identified through a spiral disk in the lower-opacity regions. Their 
number is, only in part, determined by the cloud cover of large, resolved clouds in the 
disk (Figure [2]). 

2. Most of the distant galaxies are identified in parts of the disk with some extinction. 
Dusty ISM clouds, unresolved by Spitzer, are the second cause diminishing their num- 
ber (Figure [2]). 

3. The apparent optical depth from the number of distant galaxies can be expressed as 
a cloud cover fraction; however, this implies opaque clouds, while the majority of the 
dust clouds are optically thin and unresolved. 

4. We reconfirm that extinction maps from an infrared color (e.g., E[I-L]) will mark the 
sections of higher extinction but underestimate the total extinction in any given part 
of the disk (Table [2]) because of the intrinsic assumption of a simple geometry 
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In future applications of the counts of distant galaxies as a probe of disk opacity, the 
nature of the cloud geometry -expressed as a cloud covering factor- should become increas- 
ingly evident. We hope to learn more on the nature of the smooth extinction disk in our 
future studies using distant galaxies as an extinction test in the HST/ACS surveys of M51, 
MlOl, and M81. 

The authors would like to thank T. Jarrett, for making his aperture corrections available, 
and B. Sugerman, for his help with the construction of the extinction maps. The authors 
would like to thank the referee, D. Elmegreen, for her comments; they helped tremendously 
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Space Telescope, which is operated by JPL, CalTech, under a contract with NASA. This 
work is also based on observations with the NASA/ESA Hubble Space Telescope, obtained 
at the STScI, which is operated by the Association of Universities for Research in Astronomy 
(AURA), Inc., under NASA contract NAS5-26555. Support for this work was provided by 
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Fig. 1. — Details from the extinction maps, based on the E[I-L] color, for the 13 SINGS 
galaxies in our sample. Grayscale values are the optic al depth r implied by th e I-L color. 
The WFPC2 field-of-view used for the galaxy counts in iHolwerda et al.l (l2005bl ) is overlaid. 
The crosses are the positions of the distant galaxies identified in the HST/WFPC2 data. 
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Extinction A, 

Fig. 2. — The cumulative histogram of extinction values at the position of observed distant 
background galaxies (dotted line histogram), compared to the histogram of extinction val- 
ues based on the positions of artificial galaxies within the WFPC2 field-of-view (solid line 
histogram) . 
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Table 1. The zero-extinction [I-L] color; the zero-point b in equ ation [H The values d isplay 
a range not unreasonable for spiral disk stellar populations ( Bell fc de Jong|[200ll ). 
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This preprint was prepared with the A AS IM^jX macros v5.2. 
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Table 2. Average appa rent extinction f r om th e number of distant galaxies Asfm, the 
Spitzer SED, Ased, from iHolwerda et al.l (120071 ): and the color maps in this work, A[i_l]. 
These values have not been corrected for inclination, because such correction depends on 
the assumed dust geometry and the dust's effective filling factor. 
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Table 3. Cloud covering percentages of the disk for different values of disk opacity (r > 

0.5, 0.3 and 0.1), both for the entire extinction map (/map) as well as for the section 
covered by the WFPC2 (/wfpc2)- The last column is the cloud cover for the WFPC2 section 
implied from the SFM measurement, /sfm, assuming only optically thick clouds. 
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